Objectives: Single nucleotide polymorphisms (SNPs) in putative microRNA binding sites (miRSNPs) modulate cancer susceptibility via affecting miRNA binding. Here, we sought to investigate the association between miRSNPs and cervical cancer risk.
Introduction
Cervical cancer, the third most common cancer in women [1] , is mainly caused by human papillomavirus (HPV) infection [2] . Although HPV infections are prevalent in sexually active women, only a minority of infections persist and develop into cervical intraepithelial neoplasia grade 2/3 (CIN 2/3) or even cervical cancer [3] . Several cofactors affect the transition from initial HPV infection to cervical cancer, including life-style, host immune response, and genetic susceptibility [4, 5] . The important roles of genetic factors in cervical cancer pathogenesis are prompted by the findings that cervical cancer exhibits a significant familial clustering and the first degree relatives of patients have double risk of developing cancer [6] . A few risk-modulating variants for cervical cancer have been identified by a candidate gene association study. The genes that are associated with cervical cancer susceptibility are involved in DNA repair, cellular cycle and apoptosis, cell proliferation and differentiation, the human leukocyte antigen system and immune responses [7, 8] .
Recent compelling evidence indicates that polymorphisms in microRNA (miRNA) binding sites of cancer-related genes are an important source that harbors the causative genetic variants of cancer [9] . miRNA, often 19-25 nucleotide-length noncoding RNA, binds within the 39 untranslated region (UTR) of transcriptions of targeted genes to inhibit and even abolish its translation to protein. It is estimated that approximately 30% of human genes are regulated by miRNAs [10] . Gene deregulation is one of the key mechanisms by which cells can progress to cancer [11] . miRNA can participate in the carcinogenesis via posttranscriptional regulation of many cancer-related genes, including oncogenes and tumor suppressor genes. The aberrant expression of miRNAs contributes to the etiology of multiple cancers, including cervical cancer [12] . miRNA profile analysis of cervical cancer revealed that miRs-9, 21, 135b, 146a, 199a, 203 and 205 are frequently overexpressed in cancer tissues or cell lines [12] . Moreover, miR-205 acts as an oncogene to promote cell proliferation and migration of human cervical cancer cells [13] . In contrast, miR-214 directly targets the GALNT7 gene to suppress growth and invasiveness of cervical cancer cells by functioning as a tumor suppressor a tumor suppressor [14] . The base pair change within the miRNA-target region of cancerrelated genes could destroy or create a binding site or alter the binding affinity and post-transcriptional control of mRNA by miRNA and, therefore, could affect the transformation from normal cells to cancer cells [9] .
Bioinformatics analysis has identified many SNPs that are located in the putative miRNA binding sites of cancer candidate genes and that significantly affect the binding energy of putative miRNA::mRNA duplexes [15] . A small fraction of them have been further proved to alter the expression of target genes by the luciferase reporter assay and display a significant association with susceptibility to cancer [16, 17] . Landi et al. screened out 57 SNPs within miRNA-binding sites from 104 candidate genes for colorectal cancer, found eight SNPs of them showing various Gibbs free energy of binding between the two alleles of each SNP, and finally demonstrated a SNP, rs17281995, within the miRNAbinding sites of CD86, as the risk-modulating variant for colorectal cancer [16] . Using a similar research strategy, SNPs within miRNA binding sites of other important cancer candidate genes, such as DNA repair genes [17] , integrin genes [18] and caspase genes [19] , have also been identified and further evaluated as susceptibility variants for bladder cancer, breast cancer, colorectal cancer, and head and neck cancer risk. Recently, Shi et al. demonstrated that the rs11064 G allele within the TNFAIP8 gene weakens the binding affinity of miR-22 to the TNFAIP8 39-UTR and is associated with an increased risk of cervical cancer [20] , which suggests that miRNA-binding sites are also the hot spots that harbor cervical cancer susceptibility variants. In the present study, we sought to identify new risk variants for cervical cancer among miRNA-target sites in cancer-related genes. By reviewing the literature and bioinformatics databases, we found 37 cancer-related genes with variations in putative 39-UTR miRNA binding sites. The association strength of these variants with cervical cancer was assessed by a two-stage case-control study. For the associated variant, its functional influence on miRNA-mediated expression regulation of the target genes was investigated using the luciferase reporter assay.
Materials and Methods

Study population
We recruited 840 patients with cervical cancer from the patients who received inpatient treatment in three hospitals between May 2008 and April 2012. Among them, 338 subjects from Liaocheng People's Hospital (LCPH) were used in first stage study (Study 1), which investigated all of the selected SNPs, and 502 subjects from The First Affiliated Hospital of Xi'an Jiaotong University (TFAHXJTU) and Maternal and Child Health Hospital of Shaanxi Province (MCHHSP) were used in second stage study (Study 2), which was to replicate the noteworthy findings (P,0.05) from Study 1. All of the patients were diagnosed by histological examination of biopsy under colposcope and/or resected tissues. The clinical stage and histological type of cervical cancer of patients were collected from medical records and are shown in Table 1 . A total of 934 healthy controls were recruited from the women who routinely attended physical examination in these three hospitals, 334 subjects from LCPH in Study 1 and 600 subjects from TFAHXJTU and MCHHSP in Study 2. All of the controls had no history of neoplastic or cancer-associated illness, and they had normal cervical cytology in at least two consecutive annual examinations. All of the subjects were genetically unrelated, and their age, race, smoking status, socio-economic status, and marital status were also investigated by reading medical records or by interviews. This study was approved by the Medical Ethics Committees of LCPH, TFAHXJTU, and MCHHSP and all of the participants gave informed written consent.
Polymorphism selection and genotyping
Previous studies have systematically screened the SNPs in miRNA binding sites of many cancer-related genes. Briefly, they first screened cancer-related genes by database and literature searches, and then, they identified the putative miRNA target sites in these genes by specialized algorithms (such as miRBase, miRanda, PicTar and TargetScan) and selected the SNPs that reside on the miRNA-binding sites by dbSNP search and BLAST, finally identifying the SNPs whose alleles make the target sequence have significantly differential binding energy to miRNA in a computer predictive model [16, 18] . Because many cancer-related genes are shared by multiple cancers [21] , we selected the SNPs from the previous literature that covers the topics about miRNAbinding site/miRNA target sites, polymorphisms and cancer/ tumor. The MedLine/PubMed database was searched to find literature that was published from 2000 January to 2013 January. We lastly selected 41 SNPs in predicted miRNA-binding sites within 37 cancer-related genes with minor allele frequencies greater than 0.1 in the Chinese Han population (Table 2) . Genomic DNA was extracted from peripheral blood leukocytes using the Blood DNA Midi Kit (Omega Biotech, Norcross, USA), according to the manufacturer's protocol. The selected SNPs were genotyped in patients and controls using MALDI-TOF within the MassARRAY system (Sequenom Inc., San Diego, CA, USA) [22] .
HPV genotyping
Human HPV from cervical scraping smear and/or resected tissues was genotyped using the HPV GenoArray test kit (HybriBio Ltd, Guangdong, China). First, HPV DNA was amplified with the L1 consensus HPV primers MY09/MY11 and HMB01. Then, the PCR product processed flow-through hybridization in the manner of a macroarray format with a nylon membrane onto which HPV genotype-specific oligonucleotide probes were immobilized. This technique can identify 21 HPV genotypes, including 5 low-risk types (6, 11, 42, 43 , and 44), 14 high-risk types (16, 18, 31, 33, 35, 39, 45 , 51, 52, 56, 58, 59, 66, and 68), and 2 intermediate-risk types (CP8304 and 53).
Serum IL-16 levels
The patients' and controls' blood samples were collected between 8 and 10 a.m. The sera were centrifuged at 3000 rpm for 10 min and frozen at 280uC. Serum IL-16 levels were measured by commercially available enzyme-linked immunosorbent assay (ELISA) kits (PIERCE Endogen) according to the manufacturer's instructions. The minimum level of detection for IL-16 was 0.10 pg/ml. No cross-detection of other cytokines was observed. The intra-assay variation was ,10%.
Cell culture
Human cervical cancer cell lines, HeLa [23] and SiHa [24] , were purchased from the Type Culture Collection of the Chinese Academy of Sciences (Shanghai, China). These cells were cultured in Dulbecco modified Eagle medium supplemented with 100 U/ ml penicillin, 100 mg/ml streptomycin, and 10% fetal bovine serum and were grown at 37uC in a humidified 5% carbon dioxide incubator.
Transient transfections and luciferase assays
The 39-UTR of IL-6 mRNA, including the C allele or T allele of rs1131445, were amplified using the primers of 59-TGGCCTGGGCCTCCTCACAA-39 (forward) and 59-CTCCACCACCCTTCCCTA -39 (reverse). The amplified fragments were then cloned into the downstream of the firefly luciferase gene in the pGL3-basic vector (Promega, Madison, USA). These recombination plasmids were sequenced to confirm their accuracy. For the luciferase reporter assays, HeLa and SiHa was plated in 24-well dishes to be co-transfected with 100 ng of pGL3-C or pGL3-T constructs, 50 pmol/mL of chemically synthesized miRNAs miR-135b (GenePharma, Shanghai, China) or negative control miRNA using Lipofectamine 2000 transfection reagent (Invitrogen, Carlsbad, USA). In each transfection, 20 ng of pRL-TK plasmid (Promega, Madison, USA) was used to correct for transfection efficiency. Each transfection was conducted in triplicate. Cells were collected 48 hours after transfection, and luciferase activity was measured with a dual-Luciferase reporter assay system (Promega, Madison, USA) and normalized against the activity of the Renilla luciferase gene.
Statistical analysis
We calculated the statistical power as previously described [25] . A x 2 test was performed to make a comparison of the categorical variables, including the genotype frequency and some demographic characteristics. Student's t-test, Mann-Whitney U-test or analysis of variance were conducted to compare the continuous variables, such as the age, serum IL-16 level and reporter expression level, when appropriate. The associations between the IL-16 variants and the cervical cancer risk were estimated by computing the ORs and their 95% CIs from multivariate logistic Table 2 . The candidate cancer-related genes, the selected SNPs, the miRNAs whose binding to target mRNAs could be altered by the corresponding base substitution, and the frequency distributions of selected SNPs in the cases and controls in Study 1. regression analyses with an adjustment for the age, body mass index, smoking status and family history of cancer. To avoid a spurious association caused by multiple tests, the false positive report probability (FPRP) was calculated according to the method described by Wacholder et al. [26] . We set 0.2 as an FPRP threshold and assigned a prior probability of 0.01 to detect an OR of 1.50 (for the risk effects) or 0.67 (for the protective effects) for an association with the SNPs or clinico-demographic features. The Hardy-Weinberg equilibrium (HWE) of the SNPs among the controls was evaluated by the x 2 test. All of the statistical analyses were performed by SPSS (version 13.0, Chicago, IL, USA). A value of P,0.05 was considered to be significant (two-tailed).
Results
Population characteristics
We analyzed altogether 840 patients with cervical cancer and 934 controls in Studies 1 and 2. The demographic and clinical characteristics of patients and controls are presented in Table 1 . There was no significant difference in the distribution of the age, race, smoking status, educational level, and marital status between the controls and the cases in Study 1, Study 2 and all of the subjects combined. However, the cases were more likely to be younger at age at first delivery (P = 0.038) and with HPV infection (P,0.001) than the controls. HPV infection still remained significantly associated with cervical cancer after considering the FPRP that was less than 0.2. These two variables were further adjusted for any residual confounding effect in later multivariate logistic regression analyses.
Association of SNPs within miRNA-binding sites of cancer-related genes with cervical cancer risk
More than 99% of the samples were genotyped successfully for each SNP, and the replicate experiment for the randomly selected 300 samples acquired completely consistent genotype data with the original analysis. Table 2 shows the list of selected SNPs within the miRNA-binding sites in the 39-UTR of 37 cancer-related genes, the binding miRNA that they potentially affect, and their genotype frequencies and associations with cervical cancer in Study 1. All of the observed genotype distributions among the controls of Study 1 were in line with the HWE. Among the 41 SNPs that were included in Study 1, five SNPs (rs465646 in REV3L gene, rs2239680 in BIRC5 gene, rs1476215 in FGF2 gene, rs3213180 in E2F1 gene, rs1131445 in IL-16 gene) exhibited a markedly different genotype distribution between the cases with cervical cancer and the controls (P = 0.003,0.030). To determine whether true significant associations existed or whether there were spurious results, we performed a replicate to analyze these SNPs in another population that resides in Shaan Xi province of Northern China. In Study 2, their observed genotype frequencies were also consistent with HWE (Table 3) . Moreover, we found that only IL-16 rs1131445 continued to show a significant association with cervical cancer. The subjects with its TC or CC allele had an increased risk for cervical cancer (adjusted OR = 1.51, 95% CI 1.18-1.93, P = 0.001) with an adjustment for age, smoking status, educational level, age at primiparity, marital status, and HPV infection status. The association between rs1131445 and cervical cancer was more significant in data that combined Study 1 and 2 (adjusted OR = 1.49, 95% CI 1.22-1.81, P = 0.00007) with adjustment for the aforementioned variables. We then calculated the FPRP values for all of the observed significant associations. When the assumption of prior probability was 0.01, the association with the IL-16 rs1131445 (TC/CC vs.TT) was still noteworthy in both Study 1 subjects (FPRP = 0.171) and all subjects (FPRP = 0.011). Given an OR of 1.5 at a nominal P = 0.05 for genotype frequencies ranging from 0.20 to 0.40, the statistical power of our study to detect an association of each SNP with cervical cancer in Study 2 and combined Study 1and 2 was estimated at 81.0-91.5% and 95.0-98.9%, respectively. The stratification analysis did not reveal a significant interaction of the demographic and clinical characteristics and the rs1131445 genotype on the cervical cancer risk (data not shown). Additionally, there were not significant correlations between the genotypes of rs1131445 and the clinical stage and histological type of cervical cancer (data not shown).
Serum IL-16 level and its correlation with the IL-16 rs1131445 genotype
Given the observed notable association between the rs1131445 and cervical cancer risk, we further investigate the serum IL-16 levels in controls and patients with cervical cancer as well as the potential regulatory effects of the rs1131445 genotype on serum IL-16. We selected 100 patients with cervical cancer and 80 controls from the subjects of Study 2 and examined their serum IL-16 levels by ELISA. The serum IL-16 of patients with cervical cancer significantly increased compared to controls (P = 0.001, Figure 1A) . Moreover, in patients with cervical cancer, there was a marked correlation between the serum IL-16 and rs1131445 genotype (P = 0.001). The rs1131445 C allele-carrying patients had a higher serum IL-16 than the non-carriers (P,0.05, Figure 1B ). Furthermore, we did not note any statistically significant association of serum IL-16 with the clinical stage and histological type of the cervical cancer (data not shown). 4 The effect of rs1131445 on the interaction between miR-135b and IL-16 39-UTR A putative binding site within the 39-UTR of IL-16 for miR135b has been identified using miRBase, miRanda, and PicTar software. It was also predicted that the substitution from the T to the C allele in rs1131445 could decrease the Gibbs binding free energy of miRNA-mRNA by 3.93 KJ/mol [16] , which suggests that this SNP could affect the IL-16 gene expression by altering the miRNA-mRNA binding affinity (Figure 2A ). To test this hypothesis, a luciferase assay was performed in the HeLa and SiHa cervical cancer cell lines, which transfected with the pGL3-C-allele or pGL3-T-allele constructs accompanied by chemically synthesized miRNAs miR-135b or a negative control miRNA (Figure 2A) . For both constructs, in the presence of miR-135b mimics, the expression of luciferase was significantly reduced (Figure 2B-C) , which confirms the functional potential of the miRNA-mRNA interaction. In contrast, the negative control miRNA with no predicting binding site in the IL-16 39-UTR has no effect on the luciferase expression ( Figure 2B-C) . Moreover, we found that the C allele resulted in a modest but statistically significant increase of luciferase expression compared to that of the T allele ( Figure 2B-C) .
Discussion
In the present study, we screened out a cervical cancer susceptibility variant from the miRNA-binding site SNPs within 37 cancer-related genes by a two-stage study. We found that the SNP rs1131445 C allele in the 39-UTR of IL-16 was associated with an increased risk of cervical cancer. Using a luciferase assay, we found that miRNA-135b markedly decreased the luciferase expression of pGL3-IL-16-39-UTR constructs in the Hela and SiHa cervical cancer cell lines. More importantly, these inhibitory effects of miRNA-135b were weakened by the substitution from the T to the C allele in rs1131445. These results support the hypothesis that the variations in the putative miRNA target sites could constitute a susceptibility factor for cervical cancers.
IL-16 is synthesized by various immune and parenchymal cells, including CD4 and CD8 T cells, eosinophils, macrophage/ dendritic cells, mast cells, bronchial epithelium, and fibroblasts [27] . The protein directly translated from IL-16 mRNA is a precursor molecule and must be cleaved into two fragments by caspase-3. The cleaved bioactive IL-16 is released following stimulation by histamine or serotonin and acts as a chemoattractant factor to regulate the inflammatory response [27] . Recently, IL-16 has been recognized as an important promoting factor for tumors [28, 29, 30, 31] . The production of IL-16 correlates with the onset and progression of various hematopoietic cancers and solid cancers [28] . The constitutive IL-16 expression has also been found to upregulate in gliomas [29] and prostate cancer [31] . Moreover, its expression in prostate cancer tissue was correlated to tumor aggressiveness and biochemical relapse of the disease [31] . Serum IL-16 level elevation has been observed in multiple cancers [32, 33] . Serum IL-16 is a predictor for the development of distant metastases of breast cancer [32] . Moreover, in breast cancer, the upregulation of secreted IL-16 enhances the infiltration of monocytes into the tumor tissue [30] .
The roles of IL-16 in cervical cancer pathophysiology remain largely unclear. Our findings of serum IL-16 elevation following cervical carcinogenesis and the notable association of IL-16 with cervical cancer risk suggest that IL-16 could regulate cervical carcinogenesis. This hypothesis is supported by the carcinogenic effects of persistent inflammation on cervix uteri. Immune cell infiltration into tumors is a critical determinant for cervical carcinogenesis [30, 34] . The macrophage infiltrating in cervix uteri increases linearly with cervical disease progression, from normal cervix, low-grade to high grade squamous intraepithelial lesions, to invasive cancer [35] . Tumor-associated macrophages contribute to tumor progression by exerting their multiple functions in tumor cell proliferation, tumor cell invasion, and tumor angiogenesis [36] . Besides macrophages, CD4
+ regulatory T cells can contribute to carcinogenesis by curtailing the efficacy of T cell immune responses against cancers [37] . In cervical cancer, HPVspecific CD4 + T cells suppress cytokine (IFN-c, IL-2) production to interfere with the anti-tumor immune response [38] . IL-16 can be expressed by epithelial cells under inflammatory conditions [39] and serves to chemoattract monocyptes/macrophages and CD4 + T cells to the infection site [40] . Moreover, secreted IL-16 stimulates monocyptes/macrophages to produce various proinflammatory cytokines [41] . Therefore, it is plausible that the upregulation of IL-16 in HPV-induced inflammation could promote carcinogenesis by the hyperfunction of macrophages, HPV-specific CD4 + T cells, or other inflammatory cells. Here, we provide the first evidence that rs1131445 in the miR135b binding site of IL-16 39-UTR, which can affect IL-16 protein expression by interfering with miR135b suppressive function, was significantly associated with the risk of cervical cancer. A functional assay in vitro indicated that the transfection of HeLa and SiHa cells carrying the IL-16 39-UTR with miR-135b mimic significantly reduces the expression of luciferase, which suggests that IL-16 might be targeted by miR-135b. The rs1131445 T to C change inhibits the interaction of miR-135b with IL-16 39-UTR and upregulates its expression. Consistent with this speculation, in vivo analysis revealed that patients who carry the rs1131445 C allele had a higher serum IL-16 than non-carriers, which led to an elevated serum IL-16 of patients compared to healthy controls. The upregulation of miR-135b has been found in cervical cancer [42] , which could inhibit the expression of IL-16 by targeting its 39-UTR. The rs1131445 C allele impairs the binding of miR-135b to the target and leads to higher constitutive expression of IL-16 and subsequent release to serum. Given the important regulatory roles of IL-16 release in the immune response and the consequent level of the local inflammatory microenvironment, individuals who carry the rs3134615 C allele would be expected to have elevated risk for cervical cancer. In conclusion, our data suggested that rs1131445, as a functional variant, could modulate the individual risk of cervical cancer likely by deregulating the post-transcriptional regulation of miRNA-135b on IL-16 expression. Although our study used reasonable numbers of patients and controls and rigorous statistical methods, we could not completely rule out the possibility that spurious results emerged from our case-control association study design due to chance or population stratification. Therefore, further large scale replication study using different ethnic populations, or family-based analysis, or prospective cohort design is required to produce very conclusive results. Additional functional analyses are also required to clarify the exact roles of IL-16 in cervical cancer genesis and progression in the future.
